Background: The emergence of integrase strand-transfer inhibitor (INSTI) resistanceassociated mutations was examined in patients with low-level viremia after switching from enfuvirtide to raltegravir in the ANRS 138-Easier trial.
Background
Raltegravir is an integrase strand-transfer inhibitor (INSTI) approved for treatment of HIV-1-infection in antiretroviral-naive and treatment-experienced patients [1, 2] . Raltegravir resistance is conferred by mutations at integrase codons 143, 148 and 155 together with associated secondary mutations [1, 3, 4] . Mutations associated with raltegravir resistance have been found in 44% of treatment-naive and 68% of treatment-experienced patients at the time of virologic failure of a raltegravir-containing regimen [1, 3] . As most clinical studies of raltegravir resistance have performed integrase genotyping only on samples with plasma HIV-1 RNA levels of at least 1000 copies/ml, few data are available on the emergence of such mutations in patients with low viremia.
The Agence Nationale de Recherche sur le Sida et les Hepatites Virales (ANRS) 138-Easier trial was a 48-week study in which virologically suppressed treatmentexperienced patients receiving a stable enfuvirtidecontaining regimen were randomized to switch to raltegravir or remain on enfuvirtide [5, 6] . Similar rates of virologic suppression were maintained in both arms. Integrase inhibitor resistance was not detected in the single patient in the raltegravir arm who experienced protocol-defined virologic failure (confirmed virus load of at least 400 copies/ml). However, many patients experienced episodes of low-level viremia, defined as at least one viral load measurement of 50-500 copies/ml while receiving raltegravir-containing antiretroviral therapy. In the present study, we performed integrase genotyping on plasma samples from patients who experienced low-level viremia while receiving raltegravir.
Materials and methods
The Easier trial (ANRS 138) was a multicenter, randomized, comparative, 48-week open-label trial with a primary end point at week 24. Eligible patients had a prior history of triple-class [protease inhibitor, nucleoside reverse transcriptase inhibitor (NRTI), and non-nucleoside reverse transcriptase inhibitor (NNRTI)] antiretroviral drug failure or intolerance, no previous therapy with an INSTI and had received the same enfuvirtide-based treatment and with plasma HIV-1 RNA levels below 400 copies/ml for at least 3 months. Patients were randomized to maintain their enfuvirtide-based regimen or a switch to raltegravir in combination with the same background regimen. Patients in the enfuvirtide continuation arm could switch to raltegravir at week 24. The present study included patients enrolled in the Easier trial who experienced at least one episode of low-level viremia (plasma HIV-1 RNA 50-500 copies/ml) while receiving raltegravir, but who did not experience protocol-defined virologic failure. Plasma HIV-1 RNA was quantified using either Cobas TaqMan HIV-1 Roche or M2000RT Abbott or NucliSens EasyQ bioMérieux (threshold of quantification, 50 copies/ml).
Stored plasma samples (1.5 ml) with low-level viremia were subjected to ultracentrifugation at 28 100g for 2 h at 48C to pellet virus particles prior to RNA extraction using the QIAamp viral RNA minikit (QIAGEN Inc., Valencia, California, USA). The integrase coding region of pol (codons 48-252; HXB2 nucleotides 4371-4962) was amplified by reverse transcription-coupled polymerase chain reaction (RT-PCR), followed by a nested-PCR using forward and reverse primers IN1 (nucleotides 4336 to 4359) and IN2 (nucleotides 5053 to 5027), respectively, for the RT-PCR and forward and reverse primers IN3 (nucleotides 4371 to 4389) and IN4 (nucleotides 4984 to 4962), respectively, for the nested PCR primer positions are numbered according to HXB2R pol (http://www.hiv. lanl.gov/content/sequence/HIV/REVIEWS/HXB2. html).
Each sample was amplified in duplicate and the amplicons pooled for analysis. Population sequencing was performed on purified amplicons (QIAquick PCR Purification Kit; QIAGEN Inc.) with the Taq Dye Deoxy Terminator cycle sequencing kits (Applied Biosytems, Carlsbad, California, USA) and resolved on an ABI 3730 automated DNA sequencer. Sequences were processed using Sequencher (Genecodes, Ann Arbor, Michigan, USA) and aligned to the HIV-1 subtype B reference strain HXB2 (GenBank accession no. K03455). Phylogenetic analysis using PhyML was used to confirm sequence identity and exclude PCR contamination. Primary and secondary INSTI resistance mutations were identified according to the 2009 International AIDS Society (IAS)-USA list (www.iasusa.org).
Population sequencing of proviral DNA from peripheral blood mononuclear cells (PBMCs) was performed on samples obtained at study entry from those patients in whom INSTI resistance mutations were identified during episodes of low-level viremia. DNA was extracted from whole blood (MagnaPure, Roche, Meylan, France) using standard procedures (www.hivfrenchresistance.org). In one patient, clonal analysis of integrase from a week 4 plasma sample was performed by cloning integrase gene PCR products into a pCR4-TOPO vector (Invitrogen, Carlsbad, California, USA) and sequencing the purified clonal fragments.
Raltegravir plasma concentrations in samples from patients with raltegravir-resistant virus were determined by a validated high-performance liquid chromatography (HPLC) assay with ultraviolet detection [7] . Baseline plasma HIV-1 RNA, baseline and nadir CD4 cell count, baseline genotypic sensitivity score (GSS) according to the 2008 ANRS resistance algorithm (defined as the number of fully active antiretroviral drugs used as part of the regimen excluding raltegravir and enfuvirtide), number of episodes of low-level viremia, maximum HIV-1 RNA during episodes of low-level viremia and treatment adherence (measured by self-administrated questionnaire [8] ) were reviewed for each patient.
Results
Of 170 Easier patients, 49 (29%) had at least one episode of low-level viremia while receiving raltegravir, including 32 in the switch arm and 17 in the enfuvirtide arm who switched to raltegravir after week 24. Table 1 shows baseline characteristics of these patients. Patients had a median nadir CD4 cell count of 37 cells/ml; 59% were classified as CDC stage C; viruses harbored a median of 4.5 resistance associated mutations; and patients were receiving a median of three drugs with a median of GSS of 1.5. In addition, 19 of 84 patients (23%) experienced at least one episode of low-level viremia while receiving enfuvirtide, including 10 who also experienced low-level viremia after switching to raltegravir.
Plasma samples from a total of 94 episodes of low-level viremia were analyzed. Nineteen patients (39%) had more than one episode of low-level viremia (range 1-8 episodes/patient). The overall median viral load during episodes of low-level viremia was 100 copies/ml [interquartile range (IQR) 75-167 copies/ml]. The median time between starting raltegravir-containing ART and the first episode of low-level viremia was 165 days (range 24-341 days) and the median time spent on raltegravir-containing treatment was 335 days (IQR 179-336 days).
Integrase gene sequencing was successfully accomplished on 73 samples (78%), corresponding to 39 patients (80%). Characteristics of these patients were similar to those of patients in whom integrase sequencing was unsuccessful ( Table 1) . Among the patients with a genotype result, three [7.7%, 95% confidence interval (CI) 1.6-20.9%] had INSTI resistance-associated mutations consisting of N155H in two and P145S in one; all three were enrolled in the switch arm (Fig. 1) . The N155H mutation was detected in samples from two patients (#1 and #2) and the P145S mutation in one patient (#3). The N155H mutation was not detected in proviral DNA from PBMC obtained at entry from either patient. A baseline DNA sample was not available for patient 3, but the P145S mutation was absent from 25 integrase clones obtained from plasma virus at week 4.
Long-term follow-up data for the three patients with raltegravir-resistant virus were obtained from their medical providers. Plasma HIV-1 RNA levels for the two patients with N155H mutant virus remained below 200 copies/ml at months 34 and 17, respectively, on Genotype sensitivity score: raltegravir and enfuvirtide were not included in calculation of GSS.
continued raltegravir treatment. After week 24 patient #3 had four consecutive samples with plasma HIV-1 RNA levels below 50 copies/ml through week 48.
Self-reported adherence to treatment was high in all patients while receiving raltegravir-containing antiretroviral therapy, including for those in whom resistance mutations were found ( 
Discussion
We showed that episodes of low-level HIV-1 viremia in treatment-experienced HIV-1-infected patients receiving a raltegravir-containing regimen may be associated with the emergence of INSTI resistance mutations in some patients.
The N155H mutation, which is associated in vitro with a modest decrease in raltegravir sensitivity [9] , emerged in Follow-up (weeks) HIV-1 RNA (copies/ml) P145S Wild type Fig. 1 . Plasma HIV-1 RNA levels for the three patients for whom INSTI resistance-associated mutations were detected during treatment with raltegravir (W0: beginning of RAL). two patients. It has been shown that the N155H mutation impairs viral replication capacity compared to wild type [9, 10] . This finding could explain the absence of virological failure in these patients despite continued raltegravir therapy. We also found the unexpected emergence of the P145S mutation, which confers elvitegravir resistance but has not been associated with resistance to raltegravir [11, 12] . Although detection of this mutation in a virus from a single patient must be interpreted with caution, this finding suggests that the P145S mutation can be selected in vivo by raltegravir.
In a previous study, 68% of treatment-experienced patients receiving a raltegravir-containing regimen with virological failure developed raltegravir resistance-associated mutations [2] , but no samples from patients with plasma HIV-1 RNA below 1000 copies/ml were tested in that study. Two other studies did perform resistance testing on patients with low-level viremia, but did not detect emergence of raltegravir resistance [13, 14] .
Although we examined samples from 94 episodes of lowlevel viremia, the overall sample size was modest. The relatively small number of patients studied could explain our failure to identify factors associated with the selection of INSTI resistance in these patients. Previous studies evaluating the risks of developing antiretroviral drug resistance in patients with low-level viremia identified virus load and a history of prior antiretroviral therapy as predictors of virological failure but not of the emergence of resistance-associated mutations [15, 16] . In addition, the reduced replication capacity of the multidrug-resistant viruses present in the heavily pretreated patients studied here could have contributed to the low level of viral replication, and hence to the low rate of emergence of INSTI resistance mutations.
In conclusion, low-level viremia in patients receiving a raltegravir-containing antiretroviral regimen was associated in some patients with the emergence of INSTI resistance mutations. Identifying those patients with lowlevel viremia in whom a regimen switch is indicated remains a significant clinical challenge.
